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DIS/QCD history

 Scattering as tool to probe substructure:
Kendall/Friedmann-> Deep Inelastic Scattering DIS

Access to (spin dependent) parton distribution
functions via deep inelastic scattering

e DIS process
e SIDIS (+ a little Fragmentation functions)

e Experiments and results

RHIC access to sea quarks
e The weak interaction
e W kinematics

¢ Inclusive lepton asymmetries

The Future: EIC - a polarized e - p(d,He,A ) Colhder ﬁ
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ndall, Frledman and Taylor

1972, Nobel Price 1990
Deep inelastic scattering

(DIS):
e Use high enough

RADBATIVELY CORRECTED BPECTRA
¥ = 10"

. ]DDD E = d,BR GaV {% = 3TE0 nk

ey energies to break up the

- )\j\& - proton = produce new

particles: hadrons

" /vf\ #,_-«- © Can also be viewed as

elastic scattering on
/, #.~=»  point-like constituents
" " called partons
_f/\/

/y

E = 13,13 Gu¥

1 = 338 nb
E = 17.45 Ga¥ "':’TT

o L
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Kendall, Friedmansand Taylor
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continued
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Quark distribution

functions: quark q

in nucleon
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-

Squared Momentum
transfer of photon/Z

Bjorken scaling variable,
at high Q> momentum

fraction of quark

Inelasticity (sometimes

called depolarization
factor)

Mass of hadronic final

State

*Hard scales: Q2>>1 GeV? otherwise photo-production

*Photo-production usable is at least on hadron pt

>1GeV

R. Seidl: Sea quark helicities
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Unpolarized proton structure
d?o" ITa® . |
edy 0P N Yo F, £ Y aFy — y*Fp
Fi = Fi—2zF} F, (and F,) measure the
Yj: — 14 (1—y)? sum of quark and
antiquark distribution in
= & Z (a+7) the nucleon or nucleii

The majority of our
knowledge on the
unpolarized PDFs is
coming from F,
measurements

[
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DIS kinematic

Q% (GeV?)
|

105;—
10t
10—
102;—

10

Tevatr

F2->4q,9
dF,/dInQ*>g

7/22-23/2014

R. Seidl: Sea quark helicities

Collider geometry =
larger access in x and Q2
than fixed target

Inclusive DIS gives
access to valence quarks,
in particular u quarks:

e 4/ou+1/9d+1/9s

DGLAP evolution allows
access to gluons

RIK=N



-~ Modern day DIS

At Slac Fixed target with

electron energies of up to
~20 GeV

HERA @DESY in Hamburg
Germany:

e First e-proton collider with
= M{@A SV Y 020 Ge.zV Protons on 27 GeV
e B W e W o (polarized) electons

e About 2 orders of

magnitude better
resolution: 107m

...and partons at very low
S —— e —— momentum fraction
7/22-23/2014 R. Seidl: Sea quark helicities ®

9 NIK=EN




=
=
T TTITTH]

=
LER R R |

L1

T T 1T

-2
s

ut
i1

*=00005 Proton
. 000006
ot =003 [ ] |'-|'|.,IF_|E_5
st =0, 0003 op RTINS
L - 1 EEES
PO e FDOOORE O sMc
aatt T e XEO0005 S SLAC
e
wr ® “‘“‘.-"" la-ﬂ.ﬁ'ﬂ'lilﬁ_ 3
. W=ELor
as” e
i HEE w000
I +_|+ i""_“.. o,
.5 LLad e =3 0032
e ¥=0.006
]| e ..1.1-'""*.
S s
: LT “+...+.,--l+"". weil, 008
ool P L T L
n.’-u.'u.: e L L AL Ll iR o]
o .
..l:.n‘. 5_.'...|,.,q.|.p-i-.--|------|-+|| vl 053
do
uﬂ“"!"“ | sate e vesansstas g 22008
uuuﬂ“““"Fpl
.«.-—"“!““‘H’F"’ B s EnhkkEE e =0O=
. 0.0:0.0 g o Ty - =013
508 u-uuuﬂlul-:l--llu-l-q-.ﬂ sattEnm & . f 18
:a-uhlﬂﬂm—r fan g kbdnd g . @ ‘f _——

o e
L , r

x=04
"
MM||
. H”r* t } i} t #=0.65
W""” Ke0_TE
! k=085 [I,=1

1 IIIIIuJ L1l

w

7/22-23/2014

Ll
2

Ll Laiuul =
L]

w' ow'
R. Seidl: Sea quark he@iﬁgﬁ

1 1]

16

-2
10

=t
in

T TTTII]

£0,0009 Deuteran
=i, 00125 B BCpM=
i w=0U00 TS —_
1 - _
. w=0L D5
| . K=0.004 & NMC
| ' o x=0.005 O stac
2=0.007
4=0.008 .oor 7
w=0.00% s
w=0,0125 pant " L
a=00175 g e mn wim :
w=iis s = om staE U
%=0.05 L T .
-oaT - pd o= OB = LI "F"I"';"' 4 |
F s - s @ " 3 1 T F = "
gsfuqg  omo oS e by
.:={L11 - - [ ] LI | L] - - L - -
.;...ﬂ_“ mo§ DEmE ool O 01 & @TEE LTS e E S
=018 Doe=OO0M O COem =mD 4 B0ETLG gS S SR e
ﬂjzﬁ oo 1000wl pg &« WE g6 e o EmEmEgEEE
K= OO o oo oW BOgBgmd s+ ffamsa e smesgen,
F
w=il A5 nmn'“'"m“"“l‘unn-”.,".._...____r__ i
LA Um O 00 gy - !
oll80 1 “"’""‘1 - EEEnmem g w
%=0,55 90 om g g .
=05 Mog L I |
N,
#=0,75 Pt
"o
“ﬂnuuuu -
] r””“l-r f I‘
fi,=1) u=D.BE .
""ﬂ-nl:I .

In



Current unpolarized structure an
istribution functions from DIS

HERA I+II inclusive, jets, charm PDF Fit

H1 and ZEUS - 1 ) ) _
o Q*= 10 GeV z
P [V L ,
i e HERAINCep g
i | ! x = DS, 2] E
T ‘| ::, xm tmg.gw Fixed Target 08 —— HERAPDF1.7 (prel.)
L eeer it oo, s —— HERAPDFL.0 B exp. uncert.
z sl . : :-"‘ o e .ﬁf."u model uncert. -
+t:-". I ::-"' i x = 00008, be1§ [ parametrization uncert. E
| . = 0,01 3, k=14
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Structure functi
ruc e IR |on Large lever arm of data+DGLAP evoluti
Fy(z) ==z E ) +q(z))

allows for a good determination of pdfs ®
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Global fits my

o T Ty
g ]
Regular DIS data £ @"=10 GeV"-
Neutrino DIS data gio MSTWOS 1
HERA charged current
data ]

Hadron collider
* Jet cross sections
e W, Z cross sections

e Drell-Yan process ol il il
10*  10° 102 10" 1
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Quark distributions

9+ (M q.6K

Unpolarized distribution function q(x)

AQ(X), AG(X)

Helicity distribution function Aq(x)

7/22-23/2014 R. Seidl: Sea quark helicities

RIK=N



® Virtual photon  can only couple to quarks of opposite helicity
® Select or q°(x) by changing the orientation of

target nucleon spin or helicity of incident lepton beam
Aq(x) = q*(x) - q'(x)

Asymmetry definition:

bea}r\n ta/rget

L.O. 2
A, (x) = ot - o % quq Aq(X) 94(x)

My 2 2200 F,(X)

inclusive DIS: only e info used

7/22-
14 R. Seidl: Sea quark helicities 23/2014
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//\ ==
polarized proton structure
d?> Ac? 2mra’ . . . .
_ [V, 24 — o° Y 2 1
T nyQU [ +495 — 91, F TY QL]
g = g¢i—2zgt g measures the total quark
Vi — 14(1 spin contribution to the
x (1-y)" nucleon
g9 = =z Z (Aq + A7) Flavor information from yZ
interference, Z exchange
777 = 23 2e,9%(Ag+ AG) and in particular charged
: ; i curent (W exchange)
g = “’Z (627 + g1)(Ag + A) interactions
W — 3 -
g1 = (Au+Ad+ As+ Ac...)
14 = 2¢2g% (Aq — A _ 4
95 Z quA q Q) g5VV = (Au — Ad — As+ Ac.. )
W+ .. .
gf = Z 29%,9% (Aq — AQ) ‘3

7/22-23/2014 q R. Seidl: Sea quark helicities 15 SIK=N



First polarized DIS"measurements
and spin crisis

First SLAC measurements 10

consistent with naive } This epeinen
quark model (valence 3} s 1)
quarks make up proton |
spin) il b SLAC [J]
EMC finds quark Y[ = Corbitz ond Kaur Model
contribution of only ~12% p

AI 0.4+

e Anomaly: huge gluon

and orbital angular
momentum contribution?

20 years later AY around

0.2k

0.0

0.3 beam ta/rget

02—t
o' - ol L;O-ququQ(X) o1 005 o1 0z 05 10

s+ g™ ) 2 qeqzq(x) F,(x)

7/22-23/2014 R. Seidl: Sea quark helicities 16
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~Polarized DIS Experlments

EMC/NMC/
SMC/COMP
ASS

e Pol.u from
n decay
(why
polarized?)

e Energy 160-
200 GeV

e Solid state

targets
(NH3,LiD),

u filter 1

Ecal2 &
Hcal2

RICH-2

2-stage spectrometer
- LAS (Large angle) K

longitudinal,
transverse

Pol.
Target

R. Seidl: Sea quark helicities
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Polarized DIS Experiments

HERMES

e Pol.e* from
Sokolov
Ternov
effect

e 27.5 GeV

e Pure
transversely,
longitudinal
ly polarized
H, D, Hes, &
many
unpolarized
gases

7/22-23/2014 R. Seidl: Sea quark helicities



Flavorinformation from DFS//

g is charge weighted sum of quark helicities:

4/9 (Au+A u) +1/9(Ad+A d) +1/9(As+A s)
Necessary for spin sum rule :

A= Au+A u+Ad+A d+As+As

Decompose I' =g dx into singlet and nonsinglet SU(3);

contributions:
1 n . . I | 1
[} deg?" (z, Q%) = C“*‘(l,as((‘g‘z)j[iﬁm_ﬂ+ﬁffm‘)
. . as(Q?) 1
+Cj*b[1,fis[@3:])e:{13 (f%mz] da"%) qu|j(,tL )

=(Au+A u) - (Ad+Ad)
ag=(AuU+A u)+(Ad+A d)-2(As+A s)
LO: =AX NLO: =AX-3a/2nAg

7/22-23/2014 R. Seidl: Sea quark helicities 19 ' '.N
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0.9

0.021
0.16

dxg; = 0.0436+ 0.00lZ(stats)

{1

2
S

X

0.12f # ;

:
04} Hy
0.08f

0.06

o.0af I Eirag

0.02

3

0.14

& iIII
e

Q%=5 GeV?

EI !I

Example: Hermeés'g; Integrals—

+ 0.0018(syst) £+ 0.0008( par) £ 0.0026(evol)
aturation in deuteron integral is assumed

®» use only deuterium

1 ore 1

AC[ 3

-0.02 T EI
central / uncertainties
value /theor. exp. evol.
ao 0.330 0.011  0.025 0.028
Au + Au 0.842 0.004 0.008 0.009
Ad+ Ad  -0427 0004 0.008 0.009
As+ As -0.08  0.013 0.008 0.009
Q=5 6el2, NNLO in MS scheme
20
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— ZaSAC NS]

4

> (1_§WD)

Au+AU=%[2 +a,+3 ]
Ad+AcT=%[2 +a,—3 ]

As+A§=%[ —a,]

» COMPASS:
=0.33+0.03+0.05
AS+AS =-0.08+0.01+ 0.027/22_ ﬁ
23/2014 O

RIK=H
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==

Polarized Global inclusive analysis

. . . Z t _.x=00038 =0 W M O =w
Using only inclusive data 20 }f; el
- - o w10 | O cerrr v commemmmon
is rarely performed with & | B
. s B 0.0020
the wealth of semi- et *g .
) i | ot - o X=0.017
inclusive and pp data P
. - ﬂ .Eil §§ ) =0 D__,_I .
Most recent: Bluemlein F e e T e
B I S o
Boettcher 20n R L
-2 W Y S, S 8 e =01 -
Valence quarks relatively L 000 onm0e 0 M ag et
. Lo Lo B T R o ee* 02
well determined G20 SOBO000 O a1 aet D!
Ty ) ], . WATIL 1 T SEOR VA= £ BT
Gluons in DIS only P S

accessible over QCD Q7 [GeVA/e?

evolution: i =)

g1(X?Qo) 9 g1(X)Q>Qo) - o ﬁ
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g, world data
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Quark distribution

functions: quark q

in nucleon

7/22-23/2014

—

//

-

Squared Momentum
transfer of photon/Z

Bjorken scaling variable,
at high Q> momentum

fraction of quark

Inelasticity (sometimes

called depolarization
factor)

Mass of hadronic final

State

*Hard scales: Q2>>1 GeV? otherwise photo-production

*Photo-production usable is at least on hadron pt

>1GeV

R. Seidl: Sea quark helicities
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—
=i

/
— —(12 Squared Momentum
0 transfer of photon/Z

= —(k—K)

Q2 : : :
_ Bjorken scaling variable,
9P at high Q2> momentum

q fraction of quark

— Pt

qFP . .
= — Inelasticity (sometimes

kP called depolarization

factor)

2
— (P =+ Q) Mass of hadronic final
state

— sk Fractional hadron
momentum

uark distribution
Q : *Hard scales: Q2>>1 GeV? otherwise photoproduction
functions: quark q

in nucleon Fragmentation functions
functions: quark g hadron h &

7/22-23/2014 R. Seidl: Sea quark helicities 25 RIK=H




/;//
(S

Factorization and Universality

Physics processes can be Hard scattering | Fragmentation
Cross section function

factorized into small distance from pQCD or

large distance behaviour: EM measured in e*e-
e Small distance: asymptotic quark distribution
freedom > perturpative QCD st s
calculation / Known from DIS

e Large distance: confinement,
need to be measured!

Nonperturbative functions

doep ~| f{(T4) d&a;g“d D1 (2, M?)

universal
(same in ep, pp or e*e)

dopp & ff(fa)ff(fb)dﬁagf(:d D1 (e, Mg)ﬁ

R. Seidl: Sea quark helicities -
quark 26 SIKM=N
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Excursion: What are =

fragmentation functions (FF)?

7/22-23/2014

D; (Z’ ,U)

Fragmentation of a parton i (quarks, antiquarks,
gluons) with energy E. into a hadron h with a
fractional energy z=E, /E. .

Similar to parton distribution functions (PDFs) in
the nucleon, but only one sum rule:

Zhjdz zD"(z, 1)

Later: extension to spin dependent and transverse
momentum dependent fragmentation functions p
@

1

R. Seidl: Sea quark helicities -
9 27 RIK=EN
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The (string) fragmentation process
Confinement: h
e Only color neutral objects at large ,é
distances allowed - expanding quarks é
luonic string (flux tube) ... <
carry gluonic string (flux tube) . ,@ : i
y© Y ©
e’ 9 o ¢ n
C
o
@ )
e - .
. © g
© ©—C0
C. @
e until string tension is large enough to @\.
produce another quark-antiquark pair Q h
7/22-23/2014 R. Seidl: Sea quark helicities 28
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* Process:
e e>hX

* At leading order
sum of unpolarized
fragmentation
functions from

quark and anti-
auark side

2. e[ Dy(z)+D;y(z)]
LO F'(z,s5)="2 NLO F'(z,s)= ZI—C(S ') Dy (2)

2. p
g
q
7/22-23/2014 R. Seidl: Sea quark helicities .
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/
SIDIS: aceesstoindividual quark polarizatiens

S0 eredePion correlation between detected hadron and struck q¢
== "Flavor - Separation”

incoming lepton

: ST Inclusive DIS:
T \g =49(Au+A U)+1/9(Ad + A d) +
" 1/9(As + A 5)
takjet nucleon L Uﬁu“&no S€m| ”'\CIUS'V@ DIS _
String Breaking - Y (A u, A d A d A S, A S )

Ag(x,Q%)
q(x,Q%)
Extract Aq by solving: P'(x,Q°,27) €«=MC or DSSxPDF

A;Q
AU Ad Au Ad As As

= (A, (X), AT (x), A 4 (X), AT (X), A (X)) Q= = —, =, ﬁ
®

'd "u’'d’ s s

7/22-
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Phys.Rev. D71 (2005) 012003 /
HERMES purities at 27.6 GeV fixed

target ep,ed SIDIS

" q.‘{ﬂfﬂif .I_{ (_jl'!!‘f.'?'k d {_]'HHI'.;{' (_f q.‘{ﬂfﬂif 5 quﬂ'?'k E 1’_]'“{.'}'.;:' SIDIS On
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SemMWorld data
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+rMASS results =
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%erm S HERMES semi-inclusive

HERM RL 92 (2004) 012005, PRD 71 (2005) 012003

[ o L it extraction of quark
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HERMES semi-inclusive
extraction of quark
helicities from pand d
targets

semi-inclusive results
from COMPASS,
asymmetries consistent
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HERMES semi-inclusive
extraction of quark

helicities from pand d
targets

semi-inclusive results
from COMPASS,
asymmetries consistent

Small strangeness seen
in measured range in
both experiments
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However, be sureyou understand-—

all your input

D. DeOf!eﬁaan%lﬁ%JﬂfQQAQJﬁT@Qé e [

‘ Vois | %siois Au, | Ad, AU Ad AS Ag AT

0.4

Kretzer| 206 225 094 |-034 ||-0.049 |-0055 | -0.051 [lo.68 | 0.28
KKP | 206 231 0.70 |-0.26 0.087 | —0.11 |[-0.045 [j0.57 | 0.31

x(Ad+Ad) S xad

v

02 JoAr JAE
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b =(Ad+ Ad)

-0.02

-0.04 -

G-UE T T TTTTIT

-0.02 |-

o0l M A= (Hessian)

L . 2 Lo .
[ 50 Ay™=1 (Lagr. multiplier) ]|

Q =10 GeV*

Phys.Rev. D80 (2009) 034030
Phys.Rev.Lett. 101 (2008) 072001
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Polarizet eness

Driven by SIDIS
K-Asymmetries

o2 K-FF
] dominated by %e{?ﬁ

P92 Driven by
o+ SU(3); (3F-D)

DSSV +1
DSSV 2%

— DNS
— GRSV STD
-- GRSV VAL
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New Results from

®» isoscaler method AK*+K- & Aincl

=» “Purity” Method using FF
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®» isoscaler method AK+*K- & Aincl
=» “Purity” Method using FF

. zt v Kt K
Input : A, 45 Af' 45 Apys Ay g5 Ay

LO analysis of deuteron data of COMPASS, 0%=3 Ge\/*
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Near term SIDIS additions for quark="
“helicities: JLAB11

* JLab Exp’s
. Pol e CLAS Detector
ol.e rf D ILall B Jefferson Lab.

add five
° Curl‘ently cryomodules / :_
up to 6 Ge\/, 20 cryomodules /

upgrade to il o

N ___,'-j‘,".'i-:',l-' ‘Q}’ﬂ" /ﬂ/ e
OIlgOlng add arc \:_- 2 ,_." @ Tone sppeort i

o MOStl — W ' " = E_:C! gﬁ{:ﬁﬁ;ﬁgjq o,s‘-.I T
longltudlnal o DCRiond
ly polarized
targets, one
He3s
S0 Panel 4

transverse
target
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in polarized pp collisions

7/22-23/2014 R. Seidl: Sea quark helicities 46

RIK=H



TppEgsure 1t

//\

Parity

The symmetry of a system
under transformation from x

-2 X
Helicity is odd under parity

The strong interaction and
the EM interaction conserve
parity, assumed to be true also
for the weak interaction
(Feynman bet $50 on it)

TD Lee and CN Yang
suggested P violation in weak
interaction and exp to

R. Seidl: Sea quark helicities

BETA RAYS T

SPINNING
COBALT
NUCLEI

BETA RAYS / ;
(ELECTRONS)

«/-;\{\ #\ ‘ *

v

THIS WORLD

h/ —PpP-Ss

~ T-plls Fa
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The discovery of parity violation

LUCITE ROD

INDUCTANCE

coiL
e \
i gt
s it
A

VAaCUURM
[~ COMNECTION

COUNTER

b dd

AR VR

B ASYMMETRY (AT PULSE —

z HEIGHT 10V)

ES EXCHANGE
wlA L0 GAS!IN —
=lw
<<
1 d E:( .K
© 1.00 - ox —
Z|o X
S
3|z oso ~
o3

QO

V 080 ]

! 1 [ ! { I
0705 6 8 0 12 14 16 18

F1a. 2. Gamma anisotropy and beta asymmetry for
polarizing field pointing up and pointing down.

TIME IN MINUTES

icities

C.S. Wu et al. (1957)

 Polarized Co®° at very low
temperatures: 3 emission
preferably against
polarization axis

e Later also tested opposite
effect with Cos8 (B*
emitter)

The weak interaction only
couples to left-handed
particles and right-handed
antiparticles, maximally
parity violating

48
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Pion decay measurement

Nearly at same time (back- T /{q\ ——
to-back in Physics Review) ;
J"'@\\' I N}\ E

Garwin, Lederman and
\t T-5 [
|
|

Weinrich confirmation in
pion decay @Nevis
Cyclotron:
. | |
e Decay muons polarized B N I T
(belng used n Fig. 2. gariatlion of gat_ed 3-4 C()ucllnfing rate with magnletizing
[E,N,SIMC/COMPASS) omgalar gifsflrfé’u‘ﬁoi‘”f R R oeiv ety
. . resolution folded in.
e Parity is not conserved
under weak interacton

e Charge conjugation is not
conserved

-~

COUNTS RELATIVE TO ZERO APPLIED FIELD
w o
"

=k
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Discovery of W and Z bosons

Electroweak unification
Sheldon Lee Glashow,
Abdus Salam, Steven
Weinberg : W and Z

bosons

“Discovery” at the SPS b

UA1 and UA2
'84: Carlo Rubbia, Nz W

Simon van der Meer

W discovery: UA1 Phys.Lett. B122 (1983) 103-116
UA2 Phys.Lett. B122 (1983) 476-485
meliscovery:  UAdsRhys. Lett.B126 (1983) 398-410 N
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W BOSON ww+ | Z BOSON

//\,,
W and Z boson
EPARTICLEZ00 EPARTICLEZC0
W Bosons Z Boson
e Mass: 80.39 GeV e Mass: 09118 GeV
e Spin: 1 e Spin: 1
e Decay modes: e Decay modes:
o lv 10.80% (e,L,T) o VV 6.8 % (e,u,1)
- qqQ 10.80% (u,c)*3 o 14 3.4 % (e,u,T)

*qq  152% (d;s,b)
11.8 % (u,c)

Real W production: need to have enough energy to produce W:
X1XoVS > myy ; general feature of DY like processes

With full W kinematics known LO extraction of x, and x, possible
7/22-23/2014 R. Seidl: Sea quark helicities 51 SIK=N
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Real'WW_productionas access/ta/

qguark helicities

Maximally parit?r violating V- (3

A interaction selects only Proton helicity ="+"
lefthanded quarks and —{ ¢
righthanded antiquarks: G N

\ _p{f" _

=» Having different helicities for

the incoming proton then

selects spin parallel or -
antiparallel of the quarks

r J{'.r;] ..}\' f

=» Difference of the cross ®) PR
. . o roton hglicity ="+
sections gives quark helicities @}
AQ(X) ldl)
No Fragmentation function D
required duwy N

Very high scale defined by W -

mass Bourrely , Soffer
Nucl.Phys. B423 (1994) 329-348

R. Seidl: Sea quark helicities

PTOT(}T] hc]ic-lt}; —_mn_n

=Ch

‘-{E(—TI) A v
Kd(x) AV

Proton helicity ="—"

:rﬁ[x 1) y "w

W/

_ A (x2) *, A
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Quarkand antiquark helicities =

Building single spin

asymmetries of decay A =

lepton

1
P

Z\| 2
Zt| Z1

probed in W production > <

Positive lepton
asymmetries sensitive to

Al =

N

~ Au(x)d (%) = Ad (x)u(x,)
u (Xl)a(xz) _ a(Xl)u (Xz)

Au (x) and A d (x)

Negativ lepton
asymmetries sensitive to
Ad (x) and A u (x)

AXV_N

"y

A (Q)T(x,) — AT (x,)
d (%)T (%) ~T(x)d (%,)
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Quark and antiquark.helicities

probed in W production

Building single spin

asymmetries of decay A=

1

d
L
N—N
PN+N u "

lepton

Positive le have a 4x detector,

asymmet] Need to find the Ws inclusively

But unfortunately we don’t

Au (x) an¢ Via their decay leptons

d (x,) —Ad ()u(x,)
d (x,)—d (x)u(x,)

Negativ lepton
asymmetries sensitive to

AXV_N

"y

A (Q)T(x,) — AT (x,)
d (%)T (%) ~T(x)d (%,)

Ad (x) and A u (x)

7/22-23/2014 R. Seidl: Sea quark helicities
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W\

Sea quark-polarization via'W-produetion

Single spin

asymmetry W p_>20 GeV W* p >20 GeV
proportional <, [T s [ < [T

to quark - | DNS min **L' | DNS/min

polarizations | GRSV val ol o | GRSV va
Large asymmetries ]j:'f B
0.4 D ————

Forward/backward
separation smeared -u-s;— ut e ut
by W decay 0453 A8 4B ¢ 6F T 13 2 s
kinematics Momion
AV o Ad(z1)u(z2)(1 + cos 0)?
. )2 +3(g;1)u(a;2)(1 + cos6)?
AV A At (xq)d(x2)(1 — cos #)?

. h u )2 + u(zq)d(x2)(1 — cos 0)?
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/
W vs lepton asymmetries

c W' p_>20 GeV W* p_>20 GeV
Clear correlation for W: e T < 3 "(_; °
°¢C GRSV std 02
valence quark ol 3" 5 r }
[ GRSV val — -or
polarization—>forward d/d
sea quark = backward i InE m
02 [ Dssv
However, not for decay N i o GRsVa
muon/electron: enhanced fOI' 25 T zl’;é.s R R e R B Y I Y "2;'2.5
W-, mixed for W+ <L onsmex " €| onsmer Y
. R R
reversed effect for neutrino of DIV LB A

asymmetry Ad/d

neutron target reverses that .
due to isospin asymmetry «  Au/u

- run He3 colisions B Tt A T R TR BT

? TlLeptcm — — TlLeplon
eventully? . ‘LA d G

Los = B'F.g\l;nsat’r‘j A U / U < u.z}

x is not affected by this; still | B |
forward is larger x, backward
smaller x o w2 L AU/

DNS min
F DSSV
‘06 GRSV val

26 2 145 1 05 0 05 1 156 2 25 'u'-E.S 2 15 1 05 0 05 1 1.5 2 25
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High x behavior of d helicity

0.75 — —

Power counting
suggests that d
polarization has to
become 1at x2>1

Ay | W pr > R0 GeV

0.25

turnaround visible in

oor future JLAB data
el GRSV st | ¢ In forward @
—V. I GRSV val. ]
I — b 1 production visible
............... DSSV with Ad/d-1 (x~1) -
_050 _| 1 | 1 1 1 1 | 1 1 1 1 | | 1 1 1 | 1 1 1 | |
-2 -1 0 1 2
Yiept
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kinematics

|Tl -P_correlation W " I |

1 - P_ correlation W *— I’ |

T
il B s AR

40E 40
35 w355 ‘ :
30F 300 30F ; 2
252— 250 252_ L TFTT | L
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155 155
10E: 10 ;_

5 - PET

%3 10

[P; projection -1.0 < 1< 1.0 | | P; projection 1.2 < 1< 3.0 |
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a: quark fla ges

Proton 1 Proton 2 Proton 1 Proton 2

W — u” x, distribution 0.0< 1< 1.2 I W' p’ x, distribution 00 < 1 =12 |

W~ p* x, distribution 0.0 < <12 | W= p*x, distribution 0.0 < <12 |

=10 =10

o I F o F w  450p
- £90000F < 300f £ F
S50000f : i . d quarks 3 r 5 a00F
& [ ®80000fF e [ e E
. 70000F . @ quarks 2501 3505
40000} ; r ;
[ 60000F L 300p

Central | 1 e 1 P
30000 50000F : 250F
[ 3 — 150 F

i 40000F € quarks r 200F ¢ quarks
20000f ; i .
r 30000F 100fF 150 :
L 20000F : 100§
10000} : sol :
L 10000F [ H
ol 0" ol 0"

0 010203 04 0506 07 0.8 0 010203 04 0506 0.7 0.8 0 010203 04 05 06 0.7 0.8 0 010203 04 05 06 0.7 0.8
X4 Xy X4 Xy
|w'—; b x, distribution 1.2< <24 W' u’ x, distribution 12 < <24 W~ p* x, distribution 12 < <24 W = p* x, distribution 12 < 1 <2.4 |

@ = 90000 @ r =
.522000: £ r £ [ ggoooo:
$20000F £80000F . d quarks 835000F 580000}
18000F : . :
: 70000 . T quarks 30000 70000
16000F . : :
: 60000F E 60000F

14000 F F |:| s quarks 25000 :_ E |:| 5 quarks
12000F 50000¢ b 50000F
Forward = : :

10000F 40000F |:| T quarks E 40000F |:| ¢ quarks
E . 15000F E
8000¢ 30000f : 30000}
6000F F L E
F 20000F 10000¢ 20000
40001 o F H
. i 5000F E
2000f 10000f : 10000F

ol 0 ol 0
0 010203 04 0506 07 0.8 0 010203 04 0506 0.7 0.8 0 010203 04 05 06 0.7 0.8 0 010203 04 05 06 0.7 0.8
X4 Xy X4 Xy

W- 2 u case: almost entirely forward d W* - u case: predominantly forward

quarks and backwards i d quarks and backwards u
7/22-23/2014 R. Seidl: Sea quark helicities
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Forward W analysis

P, distributions p- P, distributions p*
310 310"
%00 B, 08
W momentum G
‘9';1022 ‘9';102
: o F o
cannot be ignored £ of 3

iR -
T

Jacobian peak only

visible for forward oy LR e RS
moving W* decaying g.; T ——

at close to 9o degrees £ 2

Need to understand  © g

and suppress 'i o

I N TS N TS EEE N sl b by b by
5 10 15 20 25 30 35 40 45 50 &5 5 10 15 20 25 30 35 40

backgrounds lacking 5 6oV

d,IStht signal Pythia 6.4, muons in rapidities
signature 12_24
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orward Muon Backgrounds

Real muons from heavy
flavor and DY decays
get smeared to higher
transverse momenta

Low energetic hadrons
(huge cross section)
decay within the muon
tracker, mimicking a
straight track

Raw yields 3 orders
above signal

R. Seidl: Sea quark helicities
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3] 105 K7 p, spectium W RHICBOS (W+Z)
— p+p collisions at 500 GeV (2011) @ w7, py M fake BG
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O
)
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pf [GeV/c]

1 05 w P spectiu m I
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Reducing the background
components

Apply sensitivity to
multiple scattering to
reduce hadronic
backgrounds

[nitially (20m) cut e e | Ml e
based removal of
backgrounds

South Arm W

Improved by using
likelihood based pre- -
selection and
unbinned max

likelihood fit

1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
A,
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IVI | . I . l I .
E South Arm % r South Arm % N South Arm % C South Arm
= 1 = = |

= F E 1L i = [
g8 I g8 E B OE B E g L
» § ; 5 :

Rpcddca

Define Wness
likelihood using 5-9
kinematic variables
based on signal MC and
data ( = mostly BG)

South Arm p*

A(SIG) >
Wness =
Asrg + ABc
A = [p(DGO,DDGO), p(DCA,), p(x>),

p(RPC1,3_-DCA),p(FVTX _Match),p(FVTX _Cone)|
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W signal fit

South Arm p*
. = W— had Wt
After preselecting W S .oE =
like events (>0.92) = oo

erform unbinned max
ikelihood fit in
independent variables
rapidity and effective

bending angle 0 01 02 03 04 05 06 OF 08 ownes;
Shapes for fit are
eXtI'aCtEd fI'Om: PDFs used for fitting PDFs used for fitting

oo

e Hadron Background:
extrapolation from
lower wness data

e Muon from MC (fixed)
e Signal MC

0.08 f—
0.07 f—
0.06 f—
0.05 f—

0.04

0.03
o.02f

001

R]I.1 008 -006 -004 002 0 002 004 0.06 008 0.1
dw23

g o
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W signal fit

South Arm p*
. = W— had Wt
After preselecting W S .oE =
like events (>0.92) = oo

erform unbinned max
ikelihood fit in
independent variables
rapidity and effective

bending angle 0 01 02 03 04 05 06 07 08 owness
Shapes for fit are
extracted from: R

e Hadron Background: e R Jeansaes

: Wb | Test
EXtI'apOlatl()n fI‘Om F 250:_ + 18<p <60 GeVic

lower wness data

e Muon from MC (fixed) :
e Signal MC J

1.2 1.4 1.6 18 2 2.2 24 26 A1 008 006 -004 002 0 002 004 008 008 04
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Forward W asymmetries

After extracting S/BG ratios

o L0 ‘ ‘ ' T
(in 2012 preliminary data i b eesay oo vsronay |
~0.3) extract asymmetries | = A
and correct for BG (BG I ——
asymmetries are consistent o P "
with zero ) 10t | b . .
Inclusion of FVTX SET T .
information will improve BG I e
rejection (isolation, multiple mmma———— - |
scattering) = P
2011 and 2012 Analysis will be .. | | prefirainary! |
finalized soon S ’ B
2013 data analysis is ongoing
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After extracting S/BG ratios e | | | |
(in 2012 preliminary data T mimammer  mamy oaEs ]
~0.3) extract asymmetries S = B ?
and correct for BG (BG | _ g ==
asymmetries are consistent - * T ]
with zero ) 100 -‘1 ; '1 E
Inclusion of FVTX o ‘ . . .
. 5 o 5 < [ WHZope ]
information will improve BG oo /l_/_//
rejection (isolation, multiple i o= ,ﬁ“’# 0
scattering) L] .
-0.51 ]
2011 and 2012 Analysis will be e sy o ey B
finalized soon ? ! ' 1 .

2013 data analysis is ongoing

7/22-23/2014 R. Seidl: Sea quark helicities



/’—\,

e

Outlook for full RHIC W data

RHIC Spin NSAC write-up:
Aschenauer et. al: arXiv:1304.0079

Real W boson
production as clean
access to sea quark
helicities

RHIC has delivered 510
GeV polarized pp
collisions from 2009-2013

Run 13 analysis will
significantly improve sea
quark helicity knowledge
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However, caution necessary
about uncertainties in un-
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H1 and ZEUS
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What comes after RHIC? EIC

Build the first polarized
electron-Ilon collider

—> collider geometry allows
larger reach in Q2 and
smaller x

Gluon polarization to
lowest x values

Study the 3D structure of
the nucleon through
transverse momentum
dependent functions

Study saturation effects at
the lowest x

' AIK=EN



e Future: EIC
Two proposals: eRHIC (at BNL) and ELIC (at JLAB)

FFAG Recirculating Electron Rings ERL Cryomodules

1.3-6.6 GeV A
A4 :
7.9-21.2 GeV @ Beam Dump e '_‘, 4

Electron Cooler Electron Source
Detector |
hadrons
Detector Il
lectro

100 meters

\ -

From AGS

Staged approach first: 5 GeV x 50 GeV until 20x250

7/22-23/2014 R. Seidl: Sea quark helicities 72

@
IK=H

~J



expectations for helicity PDFs

only uses DIS + SIDIS data up to V'S ~ 70 GeV and Q2> 2 GeV?
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DIS, SIDIS
~Q
“‘ ’
nucleon P,s /[ quark xP,
heicity =+
pp collisions
nucleon
P, Ph1

e*e- Annihilation

/@ Pn1

quark

) S

e-/ %i
S
X @ Pn2

el.
Charge

Strong
charge

Weak

charge
V-A

el/weak
charge
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q_L(Xl) ;
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9 gh(z)
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Summary

DIS accesses charge square W (and Z,DY) production

weighted sum of flavors, access certain flavor

both unpolarized and combinations without
polarized fragmentation

Hadrons allow you to tag Together a good

certain flavors to some understanding of the sea
extend as long as unpol quark helicities becomes
distribution and available at intermediate x
fragmentation functions Future: SIDIS at FIC to
are well enough known lower x
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